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Lipids are the most abundant biomolecules in the nervous system [17, 19, 22] . Lipid molecules are involved in many cellular functions including regulation of the physical properties of the cellular membrane and those involved in neurotransmitter signaling [1] .
In our previously studies, we have focused on analyzing changes in phosphatidylcholines (PCs) in the spinal cord after sciatic nerve transection (SNT), spinal cord injury in the presence and absence of IL6 inhibitor and in amyotrophic lateral sclerosis model mice using matrix-assisted laser desorption/ionization imaging mass spectrometry (MALDI-IMS) [3, 4, 11, 28] . MALDI-IMS is a powerful and practical tool for lipid analysis [9, 23] .
As massive transcriptional changes occur after peripheral nerve injury [6] , we hypothesized that the lipids within the DRG could also be differentially regulated after nerve injury. The purpose of this study was to investigate the change of lipids in the DRG after sciatic nerve transection using MALDI-IMS.
Materials and methods

Animals
All experimental protocols were performed in accordance with the guidelines set by the 
Chemicals
Methanol, potassium acetate, and ultrapure water were purchased from Wako Pure Chemical Industries (Osaka, Japan). Additionally 2,5-dihydroxybenzoic acid (DHB), a
Matrix-Assisted Laser Desorption Ionization matrix, was purchased from Bruker Daltonics (Fremont, CA, USA). All chemicals used in this study were of the highest purity available.
Sciatic nerve transection model
Three mice were anesthetized with ketamine 100 mg/kg and xylazine 10 mg/kg. Sciatic nerve transection (SNT) was performed by transecting the left sciatic nerve at the midhind limb level. The skin layers were closed using a surgical stapler. Three mice were housed in a humidity-and temperature-controlled colony room with a 12 h light/dark cycle (lights on at 08:00) and food and water available ad libitum.
Tissue preparation for MALDI-IMS
Five days after SNT, the mice that had undergone SNT (SNT mice) were euthanized with a controlled overdose of pentobarbital sodium (25 mg/kg) and the L5 DRG were extracted and analyzed. Three naive mice were used as controls (control mice), and a total of 6 mice were used in this study. These DRG were embedded in carboxymethyl cellulose solution immediately after dissection and were flash frozen on dry ice and stored at -80°C. Tissue sections (10 μm) were prepared at -20°C using a cryostat (CM1950; Leica, Wetzler, Germany) and placed alternately onto glass slides coated with indium-tin-oxide (ITO) (Matsunami) for MALDI-IMS assessment, and onto un-coated glass slides (Matsunami) for hematoxylin and eosin staining. For MALDI-IMS analysis, a DRG section of one SNT mouse and that of one control were mounted onto the same ITO glass slide. These experiments were repeated three times.
IMS sample preparation and MALDI-IMS analysis
DHB solution (40 mg/mL DHB, 20 mM potassium acetate, 70% methanol) was used as the matrix solution. The matrix solution (approximately 1000 μl) was sprayed over the tissue surface using a TM-Sprayer (HTX Technologies; Carrboro, NC, USA). In the TMSprayer, a constant flow of heated sheath gas (N2, set at 10 psi) was delivered conjointly with the matrix solution spray. The temperature of the sheath gas was maintained at 75°C.
The solvent pump system used was a Smartline P1000 (Knauer, Berlin, Germany) operated at a flow rate of 0.3 mL/min. The TM-Sprayer software was used for the system operations. Tissue sections were spray coated with the matrix solution so that extraction and co-crystallization could be performed simultaneously. MALDI-IMS analyses were Images were collected using IX83 microscope (Olympus, Japan). Final adjustment of contrast and intensity was done using Adobe Photoshop.
Histogram analysis
Each lipid images taken by MALDI IMS analysis were expressed as gray scale using 
Statistical analysis
Cohen's method was used for evaluating the differences of the data [7] . We calculated Table S1 . Welch's t-test was performed using the Statistical Package for the Social Science (SPSS) software (version 25; SPSS,
Results
MALDI-IMS analysis for the dorsal root ganglion and nerve root
First we analyzed the lipid distribution in the DRG and the nerve root in control mice using MALDI-IMS. Mass spectra ranging from m/z 600 to 1000 were collected and 11
phospholipids that were identified in the previous study [22] were analyzed (Fig. 1A) .
The appeared to be weaker (Fig. 1C, D) .
Increased level of PC(16:0/20:4) in the DRG after nerve injury
In our previous study [28], we found increase of an arachidonic acid-containing PC (AA-PC), PC(16:0/20:4) (m/z 820.5), which is one of the n-6-polyunsaturated fatty acids (PUFAs), in the ipsilateral ventral and dorsal horns of the spinal cord after SNT. As with our previous study, the signal intensity of the AA-PC was largely higher in the DRG of the SNT mice in comparison to control mice ( Fig. 2A, B) . However, we observed no (Fig. S2A-D) .
No change in Docosahexaenoic acid-containing PC levels in the DRG after nerve PCs did not change after SNT (Fig S3A-F) . (Fig. 3A-D) . However, we observed no difference in the signal intensity of PC(18:1/18:1) (m/z 824.5) in comparison with the controls (Fig S4A, B) .
Altered levels of PA in the DRG
Using the MALDI-IMS data, we performed an unbiased screening of the lipids that were present at different levels in the DRG after nerve injury. We found that the phosphatidic acid (PA)(36:2) (m/z 739.5) level largely decreased in the DRG of SNT mice (Fig. 5A,   B ), but the PA (34:1) (m/z 713.5) and PA(36:1) (m/z 741.5) level remained unchanged ( Fig. S5A-D) .
Increased intensities of F4/80 immuno-positive cells in the DRG after nerve injury
The staining showed marked increase of the F4/80 immuno-positive cells with nerve injury, resembling the expression pattern of PC(16:0/20/4) (Fig. 5A ). P2X4 receptors in the spinal cord activate microglia, and correlate with generation of neuropathic pain [5] .
We therefore pursued immunostaining of the P2RX4. However, there were no obvious P2RX4 immuno-positive cells change between control and SNT mice (Fig. 5B ). There were no obvious co-localization between F4/80 and P2RX4 immuno-positive cells (Fig.   5C ).
Discussion
In this study, we found that the PC largely after SNT. We also consider this reduction to be associated with the production of LPA because LPA is generated from PA by phospholipase A2 (PLA2) enzymes [2] .
Therefore, we speculate that PA(36:2) have been consumed to produce LPA.
In conclusion, we observed increased AA-PC and decline in the precursors of LPA in the DRG 5 days after sciatic nerve injury. These lipid changes after nerve injury were 
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